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SUPPLEMENTARY MATERIALS 
 

The basic approach to analyze complex system 

(information connection between brain regions) named 

as graph theoretical [1]. The basic elements of network 

are nodes (brain regions) and edges (connectivity 

between nodes). Functional brain networks can be 

quantitatively described with help of graph theory by 

calculating a variety of organizations [2]. In this study, 

wo focus on whole brain network which reflect the 

brain activity and function connectivity by calculating 

network organization [3].  

 

Definitions of network organization  

 

In this study, we calculated the global efficiency (Eglob), 

local efficiency (Eloc), shortest path length (Lp), cluster 

efficiency (Cp). All network organizations were 

quantified using the GRETNA software (http://www. 

nitrc.org/projects/gretna/) and viewed by using the 

BrainNet Viewer software (http://www.nitrc.org/ 

projects/bnv/).  

 

Global efficiency (Eglob) 

 
Global efficiency  

Global efficiency reflects the ability of information 

transmission in a network [4].  

 

For a network G, the equitation is defined as: 
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Where the Lij is the shortest path length between node i 

and node j in G. 
 

Local efficiency 
 

The local efficiency of G measures the how much of the 

network is fault tolerant and reveals how efficient the 

communication is among the first neighbors of the node 

i when it is removed [5]. For a network G, the 

equitation is defined as: 
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Where the Gi is the subnetwork composed of the nearest 

neighbors of node i. 
 

Shortest path length 
 

The shortest path length  

The shortest path length is defined as the shortest edge 

between node i and node j.  

The average of all shortest lengths between each pair of 

nodes in the network is global defined as global shortest 

path length. For a network G, the equitation is defined as: 
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Where Lij is the shortest path length between node i and 

node j. N=90. 

 

Cluster efficiency 

 
The cluster efficiency of node i is defined as the 

likelihood of neighbor to neighbor connection. The 

global cluster efficiency is the average of the cluster 

efficiency overall nodes and reveled the larger extent of 

the local interconnectivity of a network. For a network 

G, the equitation is defined as: 
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Where Ki the degree of node i and ωij is the weight 

between node i and node j. N = 90. 

 

Small world 
 

In this study, we calculated the small world properties of 

the binary functional brain networks. Small world 

organization include normalized global shortest path 

length, normalized global clustering and small-world 

ness. 100 random networks were generated before 

calculated small world organization, which have the same 

numbers of nodes and edges as the real network [6]. The 

normalized global shortest path length 

(Lambda)=Lp
real

/Lp
rand

, global normalized global 

clustering (Gamma)=Cp
real

/Cp
rand

, small worldness 

(Sigma)= Lambda/Gamma. Where Lp
rand 

and Cp
rand

 are 

the means of 100 random network global clustering 

coefficients and the global shortest path length, 

respectively. If the Sigam>1 or Lambda>1 and 

Gamma=1, we can say the network existence of small 

world orgnazation [7]. 

 

Rich club 

 

The phenomenon of rich club means that the hubs were 

densely connect to each other regions in brain network 

[8]. It plays a vital role in exchanging information in the 

brain network. However, rich club organization may be 

vulnerable to brain stress, such as traumatic brain injury 

and AD, for high connectivity density and metabolic 

demand [9]. In this study, we constructed the functional 
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brain network and identified the brain hubs. In this 

study, the degree centrality, was used to exam the nodal 

characteristics of each brain region in functional brain 

network. The hub regions were defined with a degree 

centrality at least 1 standard deviation above the mean 

degree centrality across all regions [10]. Local region 

was defined as regions other than hubs. 
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